Objective: To investigate the prognostic value of white blood cells detected for the first time after adjuvant chemotherapy in primary operable non-small cell lung cancer. Methods: From January 2010 to May 2016, data from 208 patients who underwent surgery for non-small cell lung cancer were retrospectively analyzed. Results: A white blood cell count detected for the first time after adjuvant chemotherapy greater than 7.00 was an independent predictor of poor disease-free survival (Hazard ratio: 1.736, 95% confidence interval: 1.267-2.378; P ¼ .001) and overall survival (Hazard ratio: 1.802, 95% confidence interval: 1.305-2.471; P ¼ .000). In a further study, after myelosuppression, survival analysis indicated that the patients with white blood cell counts <2.5 had poorer survival than patients with blood cell counts 2.5 to 4.0, P ¼ .031. When the analysis was stratified by the type of histology, patients with a white blood cell count >7.00 and increased white blood cell after chemotherapy compared to pretreatment had a poorer prognosis than patients with white blood cell 7.00 and no increase in white blood cell, P ¼ .000 and P ¼ .002, respectively. We further evaluated the prognosis of the 2 groups in different levels of white blood cell. In the group of patients with white blood cell 4.0, patients with chemotherapy cycles 2, and >2 showed no differences (Hazard ratio: 2.346, 95% confidence interval: 0.288-19.073, P ¼ .425). In the group of patients with white blood cell of 4.0 to 7.0, the prognosis of patients with chemotherapy cycles 2 and patients with chemotherapy cycles >2 showed no difference (Hazard ratio: 0.560, 95% confidence interval: 0.248-1.261, P ¼ .161). In the group of patients with white blood cell >7.0, patients with >2 chemotherapy cycles had a better prognosis than patients with chemotherapy cycles 2 (Hazard ratio: 0.573, 95% confidence interval: 0.338-0.971, P ¼ .037) Conclusions: The level of white blood cells detected for the first time after adjuvant chemotherapy is an independent risk factor for non-small cell lung cancer, especially for patients with nonadenocarcinoma. In addition, the level of white blood cells after postoperative adjuvant chemotherapy and its change compared with pretreatment might also provide useful information regarding the best choice of cycles of adjuvant chemotherapy.
Introduction
Lung cancer is the leading cause of cancer-related death worldwide, with non-small cell lung cancer (NSCLC) representing approximately 85% of all cases. 1, 2 Unfortunately, only 20% to 30% of NSCLC patients are candidates for radical surgery when diagnosed. Most of the operable patients received comprehensive postoperative therapy, including chemotherapy. Despite advances in surgery, chemotherapy and radiotherapy, as well as the emergence of molecular therapy, have revolutionized the management of patients with lung cancer. Nevertheless, the prognosis of patients with lung cancer remains unsatisfactory due to local tumor recurrence and distant metastasis. Thus, the identification of an efficient and reliable marker to obtain additional prognostic information and to make the therapy more precise is essential.
A previous study showed that immune functions and the inflammatory response play important roles in tumor formation and tumor progression. 3 Many immune methods to improve immune status, including checkpoint therapy, have been used to improve the survival of patients with cancer. 4 However, many studies revealed that the tumor-related inflammatory response promotes the promotion of angiogenesis, DNA damage, and tumor invasion through the upregulation of cytokines. 5, 6 White blood cells (WBCs), including neutrophils, monocytes, and lymphocytes, are important markers of immune functions and the inflammatory response. Previous studies have shown that WBCs, neutrophils, monocytes, lymphocytes, and the neutrophil to lymphocyte ratio were all significantly related to the prognosis of patients with NSCLC, [7] [8] [9] However, the prognostic value of the change in WBCs after postoperative chemotherapy compared to preoperative chemotherapy has not been debated. Therefore, in this study, we evaluated the clinical utility of the prognostic value of the change in WBCs after postoperative chemotherapy and potential values to help in choosing the plan for comprehensive therapy.
Patients and Methods

Patients
Records of all patients with complete surgical therapy from January 2010 to May 2016 at Xingtai People's Hospital were reviewed in detail. Inclusion criteria were as follows: (1) without neo-adjuvant therapy; (2) underwent R0 resection and systematic lymph node dissection; (3) without clinical evidence of infection or other bone marrow, hematological, or autoimmune disease; (4) Follow-up ended in December 2016 with follow-up time ranging from 4 to 69 months. The postoperative failure pattern included local-regional recurrence and distant recurrence. Localregional recurrence was defined as recurrence at the surgical site, at the anastomotic or bronchial stump, or in the local-regional lymph nodes (levels 1-14, including supraclavicular), which were the first failure sites. Cervical and abdominal lymph node disease and other organ disease as the first site of failure were considered distant recurrence. Time to recurrence was based on the date of imaging or biopsy-proven disease recurrence and the original date of surgery. The end point was cancer-related death.
The study was performed according to the World Medical Association Declaration of Helsinki. The aim of this study was to investigate prognostic factors. Therefore, no institutional review board and/or ethics committee approval from Xingtai People's Hospital, Xingtai, China, was necessary. Patients provided oral informed consent.
Statistical Analysis
SPSS version 23.0 was used for statistical analysis. The receiveroperator characteristic curve, which ranged from 0.5 (no discrimination) to 1.0 (perfect discrimination), was used to find the best cut-off values of WBC detected 1 month after the last chemotherapy session. 10 The best cut-off of WBC after adjuvant chemotherapy was 7.0. Hazard ratios (HRs) and 95% confidence intervals (CIs) and survival curves were calculated by univariate and multivariate analysis using the Cox regression analysis, a ¼ 0.05.
Results
Characteristics of Patients
Characteristics of patients are shown in Table 1 . A total of 208 patients from January 2010 to May 2016 at Xingtai People's Hospital were enrolled in our study with 157 (75.5%) males and 51 (24.5%) females. The age of the patients ranged from 23 to 72 years with mean age of 59.27 years. Patients were classified into 2 categories according to histological type with 69 (36.6%) adenocarcinoma and 139 (66.8%) nonadenocarcinoma. A total of 139 (66.8%) patients had a smoking history. All patients received postoperative chemotherapy. The cycles of chemotherapy ranged from 1 to 14 with a mean of 3.76 cycles. Furthermore, 106 patients received advised 4 to 6 cycles of chemotherapy. Four patients who participated in a clinical trial on maintenance chemotherapy after surgery received more than 6 cycles. At the end point of follow-up, 87 patients died from cancer, and 2 died from heart disease. Twenty-eight (13.5%) had local-regional recurrence and 83 (39.9%) had distant recurrence.
Correlation Between Clinical-pathological Parameters and WBC After Adjuvant Chemotherapy
The distribution of the clinical background characteristics of the studied patients in the 2 groups is shown in Table 1 . As shown in Table 1 , significant differences between WBC after adjuvant chemotherapy and T-stage (P ¼ .001) and recurrence status (P ¼ .010) were demonstrated. There were no differences between WBC after adjuvant chemotherapy, cycles of chemotherapy, and regimes of chemotherapy.
Survival Analysis
In univariate analysis, both preoperative and postchemotherapy WBC count showed significant relationships with overall survival (OS) and disease free survival (DFS; Table 2 and Figure 1A) . A postchemotherapy WBC count >7.0 was an independent predictor of poor DFS (HR: 1.736, 95% CI: 1.267-2.378; P ¼ .001) and OS (HR: 1.802, 95% CI: 1.305-2.471; P ¼ .000), adjusting for a tumor pathology type, pathological stage, T-stage, and N-stage, preoperative lactate dehydrogenase (LDH), preoperative WBC count, preoperative hemoglobin (Hb), cycles of chemotherapy and platelets after postoperative adjuvant chemotherapy (Table 3) . Other identified independent prognostic factors for DFS and OS included LDH, preoperative Hb, N-stage, and cycles of chemotherapy (Table 3) .
Further study revealed that the survival of patients with a WBC count 4.0 and 4.0 to 7.0 showed no significant difference, (HR: 0.690, 95% CI: 0.310-1.539, P ¼ .365), but better than >7.0, (HR: 0.293, 95% CI: 0.140-0.615, P ¼ .001). In a further study, the patients with a WBC count 4.0 after chemotherapy were separated into 2 arms (patients with blood cell count [2.5-4.0], <2.5) according to the myelosuppression following adjuvant chemotherapy. Survival analysis indicated that the patients with a WBC count <2.5 had a poor survival than patients with a blood cell count 2.5 to 4.0 (HR: 0.215, 95% CI: 0.054-0.886, P ¼ .031; Figure 4A ). When the analysis was stratified by the type of histology, patients with a WBC count >7.0 had a poorer prognosis than patients with WBC count 7.0 in patients with nonadenocarcinoma (HR: 4.206, 95% CI: 2.410-7.340, P ¼ .000) but not in patients with adenocarcinoma (HR: 1.094, 95% CI: 0.478-2.504, P ¼ 0.832; Figure 2A, B) .
When the decreasing level of postchemotherapy WBCs compared to preoperative WBCs was taken into consideration, a decrease in WBC showed a significantly positive relationship with the prognosis of all patients (HR: 0.548, 95% CI: 0.361-0.830, P ¼ .005; Figure 1B ). However, the decreasing level 0 was significantly associated with better clinical outcomes in patients with nonadenocarcinoma (HR: 2.16, 95% CI: 1.327-3.521, P ¼ .002), but not adenocarcinoma (HR: 1.416, 95% CI: 0.654-3.263, P ¼ .355; Figure 3A and B).
Furthermore, we evaluated the influence of decreased WBC on postoperative chemotherapy. Patients with more than 4 cycles of postoperative chemotherapy had a better prognosis than patients with less than 4 cycles (table). A previous study showed that the lymphocyte count was significantly decreased after 2 cycles of chemotherapy, and the patients with more than 2 cycles or less than 2 cycles were separated into 2 groups. 11 We further evaluated the prognosis of the 2 groups in different levels of WBC. In the group of patients with WBC 4.0, patients with 2 and >2 chemotherapy cycles showed no differences (HR: 2.346 95% CI: 0.288-19.073, P ¼ .425; Figure  4B ). In groups of patients with WBC 4.0 to 7.0, the prognosis of patients with 2 chemotherapy cycles and patients with >2 chemotherapy cycles showed no differences (HR: 0.560, 95% CI: 0.248-1.261, P ¼ .161; Figure 5A ). In groups of patients with WBC >7.0, patients with >2 chemotherapy cycles had a better prognosis than patients with 2 chemotherapy cycles (HR: 0.573, 95% CI: 0.338-0.971, P ¼ .037; Figure 5B ). 
Discussion
Recent studies have shown that pretreatment leukocytosis was related to the poor prognosis of patients with advanced stage NSCLC and resectable disease. 7, 12, 13 Tumor-related cytokines can increase the level of WBCs. 14, 15 Many factors, such as Vascular Endothelial Growth Factor Receptor (VEGFR), secreted by WBCs and neutrophils can promote cancer progression and metastasis. [16] [17] [18] [19] [20] Therefore, the WBC count can reflect the tumor burden in patients. Previous studies showed that mild and severe chemotherapy-induced neutropenia were significantly predictive of longer survival in patients with advanced or metastasis NSCLC. 21 This finding may explain why chemotherapy can decrease the tumor burden and decrease the tumor-related cytokines, which result in an increase in the level of WBCs. However, the effect of myelosuppression following chemotherapy decreases the level of WBCs. If the level of WBCs is lower than normal, the immune system of the patients may be influenced. For patients receiving radical surgery, the tumor was resected. Thus, the influence of the level of WBCs after postoperative adjuvant chemotherapy should be further investigated. Previous studies revealed that postoperative adjuvant chemotherapy significantly improves the survival of patients with NSCLC. [22] [23] [24] In this study, all patients received adjuvant chemotherapy. The results revealed that the level of WBCs after postoperative adjuvant chemotherapy was significantly related to the prognosis of patients with NSCLC. Multivariate analysis showed that it was an independent risk factor, but the pretreatment level of WBCs was not. This result was similar to a previous study on advanced or metastatic patients. 13 However, the decreased level compared to pretreatment also showed a significant relationship with the prognosis of all patients, which is similar to the results of a previous study of advanced and metastatic NSCLC. Further study showed that both the level of WBC of patients receiving postoperative adjuvant chemotherapy and the decreased level after adjuvant chemotherapy compared with pretreatment were related to OS in patients with nonadenocarcinoma but not adenocarcinoma. These results suggested that tumor burden influences the prognosis of patients with micro-metastasis. Tumor-related changes in the WBC count may be different between nonadenocarcinoma and adenocarcinoma patients.
We further stratified the level of WBCs after adjuvant chemotherapy to investigate its prognostic value. Patients with a WBC count <2.5 and >7.0 had a poor survival than patients with a blood cell count 2.5 to 4.0 and 4.0 to 7.0. This revealed that patients may benefit from decreased level of WBC after adjuvant chemotherapy to a certain extent, but a severe decrease in WBCs may influence the immune system of the patients receiving radical surgery to prevent recurrence. Chemotherapy should be more individualized for patients with severe myelosuppression after postoperative adjuvant chemotherapy. This study showed that less than 4 cycles of chemotherapy was an independent risk factor for the prognosis of patients with NSCLC receiving postoperative chemotherapy. We further evaluated the influence of cycles of adjuvant chemotherapy stratified by levels of WBC after adjuvant chemotherapy. Interestingly, more than 2 cycles of adjuvant chemotherapy resulted in poorer survival in patients with a WBC less than 4.0, though it did not reach a statistical significance. Only 33 patients had a WBC less than 4.0; a larger cohort should be investigated. However, less than 2 cycles resulted in a poorer survival in patients with a WBC greater than 7.0. There was no significant difference between the 2 arms in patients with a WBC from 4.0 to 7.0. Thus, the change in WBC count after adjuvant chemotherapy can help to guide precise decision-making for adjuvant chemotherapy. If a patient has received 2 cycles adjuvant chemotherapy with a decrease in WBC 1 month after chemotherapy, he may not benefit from further chemotherapy. However, a patient with a level of WBC greater than 7.0 after 2 cycles of adjuvant chemotherapy can benefit from further chemotherapy. However, this conclusion needs to be further investigated because this study is retrospective and the number of patients with a WBC less than 4.0 was small. In summary, our study investigated the prognostic value of the level of WBCs after adjuvant chemotherapy in NSCLC for the first time. This level is an independent risk factor for NSCLC, especially for patients with nonadenocarcinoma. The change in the WBC count after adjuvant chemotherapy compared to pretreatment was also an independent prognostic factor for patients with nonadenocarcinoma. Therefore, the change in WBC count may be influenced by different mechanisms in adenocarcinoma and nonadenocarcinoma, which needs to be further investigated. Finally, the level of WBCs after postoperative adjuvant chemotherapy and its changes compared with pretreatment might also provide useful information about the best choice of cycles of adjuvant chemotherapy. Therefore, the level of WBCs after postoperative adjuvant chemotherapy may be a potential prognostic marker that can be used to evaluate the prognosis in clinical practice. While our study was limited due to its retrospective design and insufficiently large sample size, a large prospectively studied cohort is essential before our study results can be used in clinical practice.
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